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VIDEO DISTRIBUTION SYSTEM WITH INCREASED 
CENTRALIZED PROCESSING 



CROSS-REFERENCE TO RELATED APPLICATIONS 
This application claims priority from U.S. Provisional Patent Application No. 
60/41 1 ,960 filed September 19, 2002, entitled "Vtdeo Distribution System with Increased 
Centralized Processing", the contents of which are incorporated herein by reference. 

FIELD OF THE INVENTION 
This present invention relates generally to video distribution systems, and more 
particularly to those intended for hotels and multiple dwelling units (MDUs) and having 
increased circuit complexity upstream and decreased circuit complexity downstream. 

BACKGROUND OF THE INVENTION 
Cable and satellite based video distribution systems typically include a set-top box 
(STB). Typically, these STBs include circuitry to convert the analog and/or digital signals 
received from the cable or satellite system into a signal suitable for analog television sets. In 
addition, there is typically circuitry to allow the customer to select the desired channel and 
thus control which received video channel is converted to the frequency for the television. 
STBs have also come to include circuitry that is addressable from upstream in the video 
distribution system so that the STB can be commanded to enable or disable the selection of 
certain individual channels, such as may be desired for pay channels such as HBO, and so 



Patent Application 
Attorney Docket No. 50055-00029 
Express Mail No. EV328104162US 

forth. More recent systems with digital set top boxes allow one or more functions such as 
interactive Program Guide, Video On Demand, Interactive Television, and Interactive Games 
to be played on the television set. 

Largely because of the complex circuitry described above, STBs may cost in the range 
of two hundred dollars for the equipment alone. In addition, it is typically required that the 
cable or video distribution company send a person to the customer's house to install the STB. 
Furthermore, additional visits by company technicians may be requared when the customer 
changes the level of service, when upgrades are made to the equipment or software, and when 
10 a customer terminates service. Unfortunately for the video distribution companies, the 

expense of STBs, for both the box itself and the labor to instalVmamtain, is a very significant 
cost to the companies and one they have difficulty charging directly to the customer. Because 
of the competition from entertainment service providers in the cable, satellite, and Internet 
industries, companies are hesitant to charge for these expenses since they are constantly trying 
is to attract new customers and retain current customers. 

In apartment buildings, the problem is exacerbated since the average annual turnover 
of tenants in apartments nationwide averages between 30-6 0 o/o. Thus, there are many more 
customer site visits for installation, service changing, and termination of service. To make 
20 matters worse, it is estimated that up to 30% of the times an apartment dweller moves from 
the premises, the STB leaves with them. 
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All in all, the cost of supplying and maintaining STBs is undesirably high. It is 
against this background and with a desire to improve on the prior art that the present 
invention has been developed. 

SUMMARY OF THE INVENTION 

5 

In view ofthe foregoing, a broad objective ofthe present invention is to decrease costs 
associated with installing and maintaining services that until now have required a set-top box 
at a customer's home. Another objective ofthe present invention is to decrease the 
susceptibility of a video distribution system to cable piracy. Another objective is to provide a 
10 distribution system that meets the above objectives and also meets regulatory as well as 
customer requirements while at the same time being economically viable. 

In carrying out these and other objectives, features, and advantages ofthe present 
invention, a cable distribution system is provided. The system includes a headend receptive 
15 of signals from a plurality of video sources, the headend including a plurality of 

receiver/decoders that are each controllable to receive/decode a selected video channel and 
provide the video channel at a selected frequency, selected ones ofthe plurality of video 
channels being multiplexed together to create one or more multiplexed channel signals. The 
system also includes a plurality of service modules associated with the headend, each service 
20 module receiving one or more ofthe multiplexed channel signals and providing it to each of a 
plurality of frequency converters within each service module that each convert one ofthe. 
video channels to a predetermined frequency, the predetermined output frequency of each 
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frequency converter in a given service module being different from each other, each of the 
converted video channels created byagiven service module being combined together into a 
single signal. The system mrther includes a plurality of interface units associated with each 
service module, each interface unit being located at a customer location, each interface unit 
receptive of the single signal from the service module, the interface unit passing only one of 
the video channels in the single signal to a video displaying apparatus. 



The headend may be a local headend located in a building or set of buildings where 
the customer locations are. The system may further include a regional headend located at a 

10 locationremotefrom^ 

channels at selected frequencies to the local headend. The plurality of service modules may 
be dispersed throughout the building or set of buildings, there being at least one service 
module for each floor of the building or set of buildings. 



15 



The system may further include cabling running between each service module and the 
plurality of interface modules associated therewith, the cabling being bandwidth limited so as 
to not efficiently carry signals appreciably above 350 MHz. The cabling may be metallic 

further include cabling running between the headend and 



coaxial cabling. The system may 
each of the plurality of service modules associated therewith, the cabling having sufficient 

20 



bandwidth capacity to be able to efficiently carry signals as high as 750 MHz. 



The local 



headend may also include a block of Personal Video Recorders. The local 
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headend may also include a Personal Compute, Tte local headend may also include a 
DOCSIS frequency converter. A DOCSIS forward channel being carried from an internet 
service provider to a customer may be converted by the DOCSIS frequency converter 
different frequency for passage to the plurality of service modules and associated interface 
units. Each of the frequency converters in each of the plurality of service modules may be a 
programmable converter. 



The system may further include a different bandpass filter associated with each 
frequency converter. Each interface unit may not include a microprocessor. Each interface 
10 mm may no. include a frequency converter. Each service module may utilize the same 

predetermhred frequencies as each other service module. Each receiver/decoder may receive 
and decode a given video channel and that channel from that receiver/decoder may be 
delayed on every video displaying apparatus aviated with that local headend. 

The interface module may pass infomtation back upstream to tts associated service 
m „du.e mat inc.udes channel selection ^formation. The information passed back upstream 
t0 «he service module may also include a DOCSfS retrrrn channel mat is passed by the service 
module hack to the headend and back to an mteme, service provider. The system may further 
include a processor and associated database in communication with the headend and the 
20 service module, the processor being functional to control the operation of the 

receiver/decoders and the database assisting the mrcroprocessor in this functionality and in 
storing customer viewing preferences. The local service module may only convert a selected 
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video channel to the predetermined output frequency associated with a particular interface 
unit if that interface unit is authorized to receive that selected video channel. 

Another aspect of the present invention relates to a cable distribution system including 
5 a headend receptive of signals from a plurality of video sources, the headend including a 
plurality of receiver/decoders that are each controllable to receive/decode a selected video 
channel and provide the video channel at a selected frequency, selected ones of the plurality 
of video channels being multiplexed together to create one or more multiplexed channel 
signals. The system also includes a plurality of service modules associated with the headend, 
10 each service module receiving one or more of the multiplexed channel signals and providing 
it to each of a plurality of frequency converters within each service module that each convert 
one of the video channels to a predetermined frequency and create a signal containing that 
video channel. The system further includes a plurality of interface units associated with each 
service module, each interface unit being located at a customer location, each interface unit 
15 receptive of one of the signals from the service module, the interface unit passing the video 
channel in the signal to a video displaying apparatus. 

Another aspect of the present invention relates to a cable distribution system including 
a local headend receptive of signals from a plurality of video sources including signals from a 
20 regional or cable headend, the local headend including a plurality of receiver/decoders that 
are each controllable to receive/decode a selected video channel and provide the video 
channel at a selected frequency, selected ones of the plurality of video channels being 



6 



Patent Application 
Attorney Docket No. 50055-00029 
Express Mail No. EV328104162US 

multiplexed together to create one or more multiplexed channel signals. The system also 
includes a plurality of local service modules associated with the local headend, each local 
service module receiving one or more of the multiplexed channel signals and providing it to 
each of a plurality of frequency converters that each convert one of the video channels to a 
predetermined frequency, the predetermined output frequency of each frequency converter in 
a given local service module being different from each other, each of the converted video 
channels created by a given local service module being combined together into a single 
signal. The system further includes a plurality of interface units associated with each local 
service module, each mterface unit being located at a customer location, each interface unit 
receptive of the single signal from the local service module, the interface unit passing only 
one of the video channels in the single signal to a video displaying apparatus. Each of the 
local service modules utilizes frequencies for its respective frequency converters that are 
identical to the frequencies utilized by each other local service modules. 



Another aspect of the present invention relates to a cable distribution system including 
a regional headend deluding at least one of a cable headend and a satellite delivery and 
transportations system and a local headend located in one of the vicinity of or within a 
building or set of buildings, the local headend being receptive of signals from a plurality of 
video sources including signals from the regional headend, the local headend including a 
2 o plurality of receiver/decoders that are each controllable to receive/decode a selected video 
channel and provide the video channel at a selected frequency, selected ones of the plurality 
of video channels being multiplexed together to create one or more multiplexed channel 
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signals. The system also includes a plurality of local service modules located within the 
building or set of buildings and associated with the local headend, each local service module 
receiving one or more of the multiplexed channel signals and providing it to each of a 
plurality of frequency converters that each convert one of the video channels to a 
predetermined frequency, the predetermmed output frequency of each frequency converter in 
a given local service module being different from each other, each of the converted video 
channels created by a given local service module being combined together into a single 
signal. The system further includes a plurality of interface units associated with each local 
service module, each interface unit being located at a customer location within the building or 
set of buildings, each interface unit receptive of the single signal from the local service 
module, the interface unit passing only one of the video channels in the single signal to a 
video displaying apparatus. 

The local service module may only convert a selected video channel to the 
predetermined output frequency associated with a particular interface unit ifthat interface unit 
is authorized to receive that selected video channel. 

Numerous additional features and advantages of the present invention will become 
apparent to those skilled in the art upon consideration of the further description that follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a block diagram of a video distribution system of the present invention. 



8 



Patent Application 
Attorney Docket No. 50055-00029 
Express Mail No. EV328104162US 



Figure 2 is a block diagram of the video distribution system of Fig.l, showing further 
detail about a headend thereof. 

Figure 3 is a block diagram of a local service module (LSM) of the video distribution 
system of Fig. 2. 

Figure 4 is a block diagram of a room interface unit (RIU) of the video distribution 
system of Fig. 2. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Reference will now be made to the accompanying drawings, which assist in 
illustrating the various pertinent features of the present invention. Although the present 
invention will now be described primarily in conjunction with video distribution systems in 
MDUs such as apartment buildings and hotels, it should be expressly understood that the 
present invention may be applicable to other applications where it is desired to move more of 
the circuitry upstream in the video distribution system, thus simplifying the set-top box. In 
this regard, the following description of a video distribution system is presented for purposes 
of illustration and description. Furthermore, the description is not intended to limit the 
invention to the form disclosed herein. Consequently, variations and modifications 
commensurate with the following teachings, and skill and knowledge of the relevant art, are 
within the scope of the present invention. The embodiments described herein are further 
intended to explain best modes known of practicing the invention and to enable others skilled 
in the art to utilize the invention in such, or other embodiments and with various 
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modifications required by the particular application(s) or use(s) of the present invention. 

The present invention is first described in conjunction with a video distribution 
system 10 shown in Figures 1 and 2. Figure 1 shows a generalized block diagram including a 
basic system description of the video distribution system 10. As will be described in further 
detail below, the system 10 achieves cost reduction by distributing RF and microprocessor 
components further upstream. The system includes key elements such as an integrated 
headend module, a Customer Management System (CMS), Local Server Modules (LSMs), 
and Room Interface Units (RIUs), each of which will be described in further detail below. 

The video distribution system 10 is shown in Figure 2 implemented in an apartment 
building 12, although the invention is equally applicable to other scenarios. An antenna may 
provide a broadcast television antenna signal 14 that is provided to the apartment building 12. 
In addition, a dish antenna may provide a satellite dish signal 16 to the apartment building 
12. Similarly, a cable from a local cable television service provider may provide a cable 
television signal 1 8 to the apartment building 12. The signal 18 may come from a regional or 
cable headend or a satellite delivery and transportation system such as a Digital To Home 
platform, or other suitable cable delivery system, or a combination thereof. In addition, the 
cable provider or an alternative provider could provide high-speed Internet connectivity 17 
via coaxial cable or other high-speed media that is typically compliant with the Data Over 
Cable Service Interface Specifications (DOCSIS). Alternatively, internet connectivity could 
be provided via Tl, DSL, Fibre, satellite, or other suitable means. Located within the 
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apartment building 12 is an apartment building headend 20. The headend 20 receives the four 
signals 14, 16, 17, and 18 while it performs processing that will be described in further detail 
below, and provides a multiplexed channel signal 22 to a group of local service modules 
(LSMs) 24. As can be seen in this example, the particular multiplexed channel signal 22 is 
provided to a group of three local service modules 24, each of which may be located on a 
different floor of the apartment building 12, although having one LSM per floor is not a 
requirement. In turn, each local service module 24 performs certain processing that will be 
described below and provides video channels to a plurality of room interface units (RIUs) 26, 
one or more of which is located in each of the apartments (each RIU 26 corresponding to a 
television set in the apartment) on the floor corresponding to that local service module 24. 
Other details of the processing of the room interface module will also be discussed below. A 
customer integrated management system (CMS) 28 is also located as part of the integrated 
headend system in the apartment building 12 and provides certain communication between 
each of the local service modules 24 and the headend 20. 

In this example, the headend 20 at the apartment building 12 includes a first and 
second IRD block often, 40 and 42 respectively. The headend 20 also includes a shared IRD 
block 44. An IRD, or Integrated Receiver Decoder, in this example could be a simple digital 
set top box, or a printed circuit card including the functions of RF signal reception, 
conversion into baseband, decoding of the resultant digital bitstream, selection of the proper 
program id, and decoding and decryption to convert the signal into its video and audio 
components. Each IRD block could include a number of such set tops (e.g., 10) or 
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alternatively a set of one or more plug-in printed circuit cards that perform the IRD functions 
on a number of channels (e.g., 10). 

The headend 20 further includes one or more Personal Video Recorders (PVRs) 46 
and one or more Personal Computers (PCs) 48. In addition, the headend 20 could include 
Video On Demand (VOD) servers (not shown). Each of the IRD blocks 40, 42, and 44 and 
each of the PVRs are receptive of the satellite dish signals 16 and the cable television signal 
18. In addition, the PVRs 46 are receptive of the broadcast TV antenna signal 14. The PCs 
48 are receptive of an Internet over television signal that could be a part of one of the signals 
14, 16, or 18, or could come over a separate line such as a DSL line (not shown). Each of the 
IRD blocks 40, 42, and 44, the PVRs 46, and the PCs 48 provide an output that is provided to 
one or both of a fust and second signal combiner 36 and 38. Each of the IRD blocks often 
40 and 42 include ten separate integrated receiver/decoders (IRDs), although the invention is 
not limited to this particular number. As is well known, each of these IRDs can 
independently receive and decode a selected video channel from a video source such as the 
satellite dish signal 16 or the cable television signal 18 and provide a modulated output 
therefrom at a desired RF frequency. In this case, these IRDs can be externally controlled by 
the CMS 28 to receive and decode a particular video channel from either the satellite dish 
signal 16 or the cable television signal 18. The CMS 28 commands each IRD to control 
which video channel from which of the input signals 16 and 18 will be received and decoded. 
The PVRs 46 provide PVR service on an "on demand" basis to subscribing customers, as is 
well known. The PCs 48 receive Internet data and format it for television to allow paying 
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subscribers to use an Internet service over their television. The signal from the PCs 48 is then 
modulated to a video channel frequency and sent to the signal combiners 36 and 38. These 
services are created as HTML or XML pages that are properly formatted for television 
viewing and sent to the appropriate customer television set modulated at the appropriate 
television frequency. 



The headend also includes circuitry for allowing the DOCSIS signals to be routed to 
and from each apartment. The Internet connectivity signal 17 is provided to one of a group of 
a frequency converters 30 that converts the forward channel DOCSIS signals from the 
io frequency they are provided on to a predetermined frequency for passage to the signal 

combiners 36 and 38 and on to the LSMs 24 and RIUs 26. A pair of diplexers 32 and 34, one 
each associated with one of the signal combiners 36 and 38, respectively, route signals above 
a certain frequency (e.g., 50 MHz) to the LSMs 24. These signals are multiplexed together 
as the multiplexed channel signal 22. The diplexers also route signals below that threshold 
15 frequencybacktotheInternetconnectionl7,asi S showninFigure2. In this manner the 

forward DOCSIS path and the return DOCSIS path is accommodated. As is discussed below 
the internet connection could be from a cable provider or it could be via a cable modem 
transmission system (CMTS) as shown in Figure 2 via DSL, Tl, or Fibre cable. 



20 



Others of the group of frequency converters 30 could be used to convert or translate 
frequencies for incoming digital multiplex signals and send them along to the LSM for 
eventual routing to any subscriber that is authorized to receive digital programming. 
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In this example, the output of the first IRD block often 40 is provided to the first 
signal combiner 36 and the output of the second IRD block often 42 is provided to the 
second signal combiner 38. The output of the shared IRD block 44 is provided to both the 
first and second signal combiners 36 and 38. The number of IRDs that may be provided in 
the shared IRD block 44 can be selected by the system designer based on the particular 
application for which the video distribution system 10 will be used. For example, the number 
of IRDs that are needed in a typical apartment building may be different than the number 
needed for a hotel, which in turn may be different than the number needed in a elderly or 
assisted-living center. The broadcast television antenna signal 14 is also received by the 
headend 20 and provided to each of the signal combiners 36 and 38. 

In this example, wherein a different group of thirty television sets, corresponding to 
thirty Room Interface Units (RIUs) in apartments is connected to each of the signal combiners 
36 and 38, it is assumed that the thirty televisions/RIUs will have a typical 3 0 o/o subscription 
rate to premium channels, such as HBO, Showtime, and Cinemax. Since 30% of thirty 
subscribers is nine, the dedicated block often for each signal combiner should allow each of 
the premium subscribers to have a dedicated IRD to allow them to watch their selected video 
channel. In this example, the two IRD blocks often 40 and 42 may be used to provide 
premium channels to those subscribers who are authorized to view the premium channels, 
while the shared IRD block 44 may provide other "basic" cable channels such as ESPN and 
CNN that are commonly viewed by multiple subscribers. Experience shows that the use of 
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shared IRD blocks such as these may provide an additional 10-20% capacity. This additional 
capacity can possibly be used to promote the premium or pay services to non-subscribing 
customers in order to increase service demand, penetration, and revenues. Of course, if buy 
rates for the premium services increases in certain buildings or building complexes, then 
additional IRDs or IRD blocks can be employed. 

In this example, each IRD in a given IRD block often provides an output at a fixed 
frequency that is different from the output frequencies of the other IRDs in that block. These 
frequencies may be selected to be three video channels apart (or some other suitable number 
such as one or two, for example) depending upon filtering needs for signal purity, where each 
video channel is typically 6 MHz in bandwidth. Thus, the ten channels from each IRD block 
often may consume 180 MHz and may fall somewhere in the range of 450-750 MHz. Of 
course, the signals from the shared IRD block 44, as well as the DOCSIS channel are selected 
to be at frequencies that do not interfere with the output frequencies of either IRD blocks of 
ten and, in addition, do not interfere with any of the local broadcast video channels received 
on the broadcast television 14. For example, if the local UHF channel falls in the range of 
575 MHz, none of the IRDs in the IRD blocks often 40 and 42, or the shared IRD block 44, 
shall be selected to provide an output at this frequency. Alternatively, the local UHF channel 
may be frequency translated to some other non-interfering usable frequency. 

As is shown in Figure 2, the multiplexed channel signal 22 is provided from the signal 
combiner 36 of the headend 20 to a set of three local service modules 24. In addition, a 
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second, and potentially different, multiplexed channel signal 22 is provided from the second 
signal combiner 38 of the headend 20 to a different set of three local service modules 24. In 
this example, each local service module 24 may be located on a separate floor of the six-floor 
apartment building 12. The multiplexed channel signal 22 from the first signal combiner 36 
may serve the local service module of the first three floors, while the multiplexed channel 
signal 22 of the second signal combiner 38 may serve the three local service modules of the 
top three floors. As is shown in Figure 2, each local service module 24 on a particular floor 
provrdes a signal that is provided to all ten of the room interface units (RIUs) 26 that are 
,ocated on that floor, one associated with each of the ten televisions on that floor. For ease of 
illustration, only the RIUs and their corresponding apartments are shown for the first floor. 
As is typically the case in multi-unit dwellings such as apartments, the lines into each 
apartment may be in the form of a loop-through or tree-and-branch structure so that separate 
lines (known as home runs) are not provided from the LSM to each RIU. Nothing about the 
present invention, however, prevents the LSM from delivering services on a home run basis if 
that is the architecture in the building. 

A block diagram of the contents of each of the local service modules 24 is shown in 
Figure 3. The local service module 24 includes an input diplexer 50, the function of which 
will be described in more detail below. The diplexer 50 receives the multiplexed channel 
signal 22 from the headend 20 and passes the signal to a power divider 52 (which may be a 
12 -way power divider, a commonly available component). The power divider 52 divides the 
m ultiplexed channel signal 22 into a plurality of identical multiplexed channel signals, each 
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of which is provided to a separate programmable converter 54 or to a DOCSIS channel filter 
64. Each of the programmable converters 54 is controllable by a microprocessor 56 to 
convert a video channel selected by the microprocessor from its frequency in the multiplexed 
channel signal 22 to a predetermined fixed frequency at a frequency location that is assigned 
to a particular corresponding RIU 26. In this example, the ten programmable converters 54 
and the local service module 24 may for example be designed to provide an output frequency 
located at approximately 18 MHz intervals, the lowest at approximately 135 MHz and the 
highest at approximately 297 MHz. Just downstream from each of the programmable 
converters 54 is a bandpass filter (BPF) 58 with a narrow frequency band through which a 
signal can pass, that frequency band being centered at the output frequency of the 
programmable converter, which, as stated above, vary in 18 MHz intervals from 135 MHz to 
297 MHz, in this example. The outputs from each of these bandpass filters 58 are each 
provided to a power combiner 60 (which may be a similar component to the power divider 
52). The power combiner 60 essentially frequency multiplexes the ten signals from the ten 
programmable converters 54 (via the bandpass filters 58) to provide a frequency multiplexed 
signal that is provided to the output diplexer 62. The multiplexed signal is then provided 
from the output diplexer 62 to the RIU 26 as is shown in Fig. 2. 

Alternatively, it is also possible to replace the programmable converters 54 with 
demodulators/remodulators. This design, however, requires more stringent filtering, although 
allowing two empty video channels between adjacent channels could help in this regard. In 
addition, in order to demodulate and remodulate in a fashion that preserves the quality of the 
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audio, such as with stereo sound and vtdeo channels, it may he required to utilize more 
expensive modulation components, which would he undesirable. On the other hand, «he 
fluency conversion approach has the advantage of maintaining the spectra, purity of the 
signal intac, so as W allow stereo sound to pass therethrough where possible. In addition, the 
hardware required to do the frequency conversion may be more readily available and 
affordable than the demodulator/remodularor approach. Furthermore, with the frequency 
converse approach, identic*! programmable converted can be purchased so that the bulk 
purchase of a small number of different components can be utilized for this design. 

The input diplexer 50 provide* the mnction of separating the upstream DOCSIS return 
channel from the downstream multiplexed channe. signal 22. As described above, the 
m „,« p lexed channel signal 22 may include a plurality of video channels in the range of 450- 
750 MHz. The DOCSIS return channel may typicnlly be in the range of 10-1 5 MHz, but a 
range of 10-45 MHz is reserved. The input diplexer 50 receives the relatively-higher 
frequency, multiplexed ch-el stgnal 22 from me headend 20 and passes it directly through 
,o the power divider 52. The input diplexer 50 also receives me relatively-lower frequency, ' 
DOCSIS return signal which it routes b*ck to me headend 20. The DOCSIS channel filter 64 
is a bandpass filter in place between the power divider 52 and power combiner 60 to allow 
only the DOCSIS channel to pass therethrough. This channe, filter may he a bandpass filter 
, a. the frequency selected for the forward DOCSIS chamte, which may fal, somewhere in the 
range of 500-800 MHz. A DOCSIS return channel frequency converter 66 receives a 
DOCSIS return channel stgnal a. a fixed frequency from the output dtplexer 62 of the local 
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service module 24 and proves a freque„cy- S e,e«b.e mm back ,o the cable modem 
emission system (CMTS) (a. the cable headead) in compliance with DOCSIS 
specificate*. ThuM.isno.necessardyafixedren.mn^ency. ByprovidmgaDOCSIS 
return channel frequency converter 66 a. .his location. 1. is possible to have fire DOCSIS 

ft. DOCSIS return srgnal .o fire CMTS to be a, a selectable freanency as retired by 
DOCSIS specifications. Alternatively, the frequency conversion for the reutrn path con!d 
take place at the headend 20. 

The ootpn, diplexer 62 operates i, a similar fashion to the input dtplexer 50, in that it 
mn.es signals tn different direcfions depending on me frequency .hereof, hr mis example, for 
signals of a frequency a. or above 50 MHz, those signals are passed to the RIU 26. On the 
omer hand, me frequencies lower .ban 50 MHz received fiom .he RffJ 26 are passed .o .he 
DOCSIS return channel frequency converter 66 or the microprocessor 56. This allows for 
5 communication between the RIU 26 and the microprocessor 56 of fite .oca. serv.ee modu.e 
24. M as the DOCSIS return channe. operates a, a fixed frequency at the RJU 26 and in the 
portion of the local service module 24 mat is upaream (in the return pad,) of the DOCSIS 
return charurel frequency converter 66, the forward DOCSIS chamtel that is downstream of 
.heheadend i s also at a fixeu channe, frequency to allow for simplrfied product design. Tfie 
20 aata path shown in Fig. 2 from the LSMs 24 to the CMS 28 (to a„ow the microprocessor 56 
of each LSM24 to communicate with fite CMS 28) can be via a separate cab.e (such as an 
RS-232 cable) from the cable that carrtes the multiplexed channel signal to the LSMs 24. A 
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separate 



cable allows the video channel cable to be uni-directional. 



The details of the RIU 26 can be appreciated in Figure 4. The RIU 26 includes a 
channel N bandpass filter 80 that allows the video channel frequency (the frequency 
associated with channel N) associated with this particular RIU 26 to pass therethrough. 
Recall that the frequency multiplexed signal coming to the RIU 26 from the local service 
m0 dule 24 includes ten separate video channels, in this example. Only one of those video 
channels is intended for this RIU and it is placed at a predetermined frequency by a 
corresponding programmable converter 54 in the local serv.ce module 24. Therefore, in this 
parficular RIU 26, this channel N bandpass filter 80 allows only one of those video channels 
on the multiplexed video channel signal to pass therethrough to a television 82 which is 

automatically^^ ThUS ' ifW6 
assume that this particular RIU 26 being illustrated in this example is assigned a video 
channel frequency at approximately 171 MHz (thus, channel N is channel 22), then the 
bandpass filter 80 will be selected to pass only frequencies in that range and the television 
will be tuned to that channel which is commonly known to be channel 22 from the standard 
U.S. CATV channel frequency allocation. Of course, this does not necessarily mean that the 
programming the customer sees on his television 82 corresponds to the program material that 
the local CATV provider typically provides on cable television channel 22. Instead, it means 
o that this customer will always receive his selected channel on channel 22. As will be 

described in further detail below, he can choose/select any channel he is authorized to receive 
and the programmable converter 54 in his corresponding local service module 24 will be 
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automatically programmed to tune to that selected channel and his selected video channel will 
be provided on the frequency which his television understands to be CATV channel 22. 
Thus, it can be appreciated that each television and RIU 26 has a corresponding 
programmable converter 54 in its corresponding local service module 24. More specifically, 
there is a one-to-one relationship between each programmable converter 54 and a specific 
RIU 26 (apartment). 

Alternatively, each RIU could have a programmable frequency converter that is tuned 
in each RIU to a particular channel frequency in such a way that the desired output is always 
atal 

television set. 



; fixed channel, for example channel 3 or 4 (as is usual in VHS tape recorders) at every 



Continuing with the description of the RIU 26, a low pass filter 84, and an IR, Logic, 
and LSM communications unit 86 work together to allow the customer to select channels and 
to automatically tune the television 82 to channel N. The communication unit 86 receives a 
signal from an infrared (IR) receiver 88 when the customer operates his television remote to 
select a different channel. The communications unit 86 has sufficient processing therein to be 
able to receive communications from a variety of different types of manufacturers' television 
remote controls. The communications unit 86 recognizes that a different channel has been 
requested by the customer and a signal (less than 3 MHz) is sent upstream through the low 
pass filter 84 (which may pass frequencies below 10 MHz in this example). This signal is 
sent back to the local service module 24 where the output diplexer 62 routes the signal to the 
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,. ■ The communications unit 86 may be designed to 

microprocessor 56, as shown in Figure 3. The common 

... .„ ,hr I SM 24 that signifies which apartment 
append a predetermined code to each request to the LSM g 

te rem.es. comes num. The communication unit S6 can afco he designed to answer simp.e 
series from me LSM 24 so tha, any tampering with the RK, 26 can be de,e«ed. 

The microprocessor 56 (of the LSM 24) deputes if the channe! se,ec,ed is a ,oca, 
hroadcas, channe,. ,f so, then the microprocessor 56 commands the programmab.e converter 
^corresponds* mis particuUr RIU 26 ,„ convert ma. hroadcast channeHo the fixed 
„ (channe, N) aheady predcermmed for communication fiom the (oca, service 

not a ,oca, broadcast channe,, then the microprocessor 56 sends a signa, ,o the CMS 2S (Fi, 

m Hoc. 44 ro receive and decode me se,ec,ed video channe,. As ,s we,, known, fire M> 
cm pla ce textua, htfotmation in me video portion of the video chaune, (for a desired number 
„ of seconds, to inform the customer of me ohatme, se,ec,ed and certain other program 

informs the microprocessor 56 utthe ,„ca, service modu,e 24 of fire frequency where the 
se ,e«ed mD has p,»eed that se.ected video channe,. The microprocessor 56 of the ,oca. 
«*. modu,e can then command its corresponding progmmmab,e converter 54 to mne to 

UcreatedbymeCMSmfortningmecusromerthatasnhscriptionfeeisneededandoffering 
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alternative methods and durations of such a subscription. This message may be created by 
HTML or XML or other suitable format and sent to the television as a web page. 

At the same time this channel selection is taking place in the RIU 26, the local service 
module 24, and the headend 20, the communication unit 86 of the RIU needs to make sure the 
television 82 does not change channels to the channel selected by the customer. This is 
accomplished with the IR blaster 90, which transmits a channel request to the television 82 to 
remain tuned to channel N. Of course, as is well known, IR blasters have sufficient power to 
allow the infrared signal to reflect from any surface in the room until it reaches the television 
82. Furthermore, the communications unit 86 has sufficient processing to allow it to generate 
a channel request signal via its IR blaster 90 in the format expected by the television 82. 
Should the IR blaster 90 be blocked in some fashion by the customer so that the channel 
request signal cannot be transmitted to the television 82, the customer will have problems 
changing to the desired channel and may be restricted to viewing only one of the channels the 
other apartments on his/her floor is watching, at most, and then only by removing the RIU, 
which act can immediately be detected by the microprocessor 56 of the LSM 24, which is in 
communication with the RIU 26. 

The RIU 26 also handles DOCSIS signals received from the local service module 24. 
A DOCSIS downstream channel bandpass filter 92 allows the forward DOCSIS channel to 
pass therethrough at its predetermined frequency, which was previously stated to be in the 
range of 500-800 MHz. This forward channel is passed to a DOCSIS cable modem 94 which 
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may be in —cation with a compmer, as is we., known. The DOCSIS cuble mode. 94 
passes a return ehanne. DOCSIS signal to a DOCSIS opstreanr bandpass filter 96. which may 
afiow stgnaU in the range of UMS MHz to pass therethrough. This signal is provided back 
to the output diplezer 62 of the local service module 24. 

Ha custotner quests a program guide, an IED channe! is assigned to that customer to 
display the program guide. If a customer requests to operate in an in.en.aive mode on an 
.•hueracnve enabled" program, the LSM 24 passes fine request back to the CMS 28. If the 
customer is currently on a dedicated KD, the CMS 28 passes the request to that KD, which 
sends fire appropriate information to the customer. If that IRD is not "interactive enabled" 
then a message such as "This feattre is no. available on dais chamtel" is superimposed on tine 
video. If .he customer is on a shared KD when .he reques. to operate in tntenactive mode is 
recetved, tine customer is switched .0 a dedicated KD, which dedicated KD is also sen, the 
interactive request after the approbate de.ay for the channe! acquisition by the KD. 



15 



The customer's use of a PVR 46 (or VOD server) requires authorization or system OK 
,„ such a service. If the customer does subscribe to the serv.ce, men upon reques, a TO or 
VOD resource a. the headend 20 will be dedicated to the eus.omer. Tire PVR 46 tracks .he 
customer s taz.es and records programs automatically or on command. When the customer is 
2 „ viewing materia, recorded by the PVR 46, the signal therefrom is modulated to a video 
channel frequency and sent to the appropriate signal combiner. 
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I* IRDs can also be equipped with interactive game capability, which can be offered 
subscription basis to customers. Such a service would also use a dedicated IRD, similar 
to the interactive mode operation described above. Such a service can be heavily promoted 
and can allow for a variety of types and lengths of subscriptions. Since the television service 
is web enabled, properly formatted web games can also be played on the system. For 
example, card games might be very attractive in elderly or retirement communities. 

As can be appreciated, with each of the ten RIUs 26 in the ten respective apartments 
on the given floor corresponding to that local service module 24 operating in a similar 
fashion, the local service module 24 provides a frequency multiplexed signal that contains ten 
different video channels thereon. Since each of the RIUs 26 on that floor are designed to pass 
only the video channel that is located at a predetermined frequency, the television 82 attached 
to that corresponding RIU 26 will receive onlythe video channel selected by the local service 
m odule 24. As can be appreciated, if a customer in a given apartment decides to bypass the 
RIU 26 and hooks the television 82 directly to the signal coming from the local service 
m odule 24, then that customer can only receive one of the ten video channels provided by the 
corresponding local service module 24. In addition, that customer will have not have the 
ability to enter a request to select a different channel, so the customer will be restricted to 
watching one of the channels selected by the other apartments on that floor. In other words, 
the customer would have no control over what channel he is watching. Furthermore, 
attaching a television 82 directly to the signal from the local sendee module 24 may allow the 
local service module 24 to detect the leakage of the local oscillator signal from the television 
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82 so that the local service module 24 can determine that someone has bypassed their RIU 26. 
Such tampering could be reported further upstream so that actions could be taken. 

An alternative design would provide for a frequency converter in the RIU 26 rather 
than the channel N bandpass filter 80. In this case, the frequency converter in the RIU 26 
would convert channel N to a standard channel such as channel 3 or 4 to which the television 
82 could be tuned, such as is common with a VCR. This design would allow for another 
technique for foiling customers' attempts to bypass the RIU 26. This could be done by 
having the programmable converter 54 in the local service modules 24 perform a spectral 
inversion so that the 6 MHz video channel could be flipped to place the audio portion at a 
relatively lower frequency than the video portion. Of course, conventional video channels 
have the video portion at a relatively lower frequency than the audio portion. The frequency 
converter in the RIU 26 would also be spectrally inverting so that it would return the 
frequency composition of the video channel to the typical arrangement for receipt by the 
television 82. In this case, if the customer were to attempt to bypass the RIU 26, the 
television 82 would receive a spectrally inverted signal and nothing usable could be viewed or 
listened to through the television 82. In this case, it may be desirable to provide the customer 
with a separate remote for commanding channel changes through the RIU 26, and the IR 
blaster function could be eliminated from the RIU 26. 



3 



It is a commonly accepted specification in the broadcast and cable industry that the 
ignal provided to a television should have greater than a 40 dB signal-to-noise ratio. The 
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wi ca, output specification of an IRD is greater than 60 dB signaMo-no.se ratio. AKhongh as 
^ as three frequency conversion (each having a noise figure of 8 .7dB) rake place 

ofa.eenthapa.htothccustonrcr-ste.evisiongZcanb.tnadatobCessfitanlOdB.TTtis 
pro videsal0dB margin a, Una customer television by provdurg a signal-.o« ratio of a, 
least 50 dB. In actuality, the margin could be made much higher. 

Ahhough this simple example provides for a six-aory apartment building, with each 
floor of me building having ten apartments, it can be appreciated drat this invention is 
sc „ab,eupor down ac^sabroad range. In addition, mis invention can be equally applied 
* many other rypes of MDUs, such as garden apartment cump.exes, hoteU, assisted .ivutg 
centers, Custer housing, or even some surgle family home areas, and the like. Furthermore, 
flae number of IRDs in an IRD block is not requtred to be ten. fit addition, the number of 
shared IRD blocks, or the number of IRDs in each shared IRD hick is variable. I, is not 

» cuuld a,so be applicable to any other kmd of densdy populate*, area, fit addition, some part 
offteCMSmightbemauttatnedorsharedbeuveenanumberofsnucntresorcomplexeain 

Cose proximity if it increases function* or reduces cos,, ha cases where the premium 
subscriber penetration increaaes within the area addressed by a group of LSM b.ocks, 
. additionalKDcarfsoranadditionaimDbh.kmaybeinseried. Furthenuore, i, may be 
possmle to reduce the minimum frequency separation between IRD channels to be ,2 MHz 
rather than 18 MHz. 
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As can be appreciated, 4c video distribution system 10 of ore present inventron 
provides many advantage, The mvenfion provtdea a system in which a simplified devtcc (as 
compared ,o a convenriona, set-top box, is provtded a, dte customer's home. For cxamp.e, t, 
is no. necesstny for ute R1U to include a microprocessor, a W icul component in an STB. 
This no. only reduces .he cos. of me device provided in the home, hut may reduce bom me 
number of settee calls needed as well as me losses reanUing from stolen or damaged RIUs. 
Furthermore, i, may be desirab.e .o mount the RIU imemany in a wal. rather than onmpofa 
^vision, as is fypica. wi«h a se,-,op box. As can he appreciated, more of me processing has 
fceen p ,aeed in upstream component such as me .oca. service module and a headend. Since 
there are a grearty reduced number of .hese upsheam components aa compared to do— m 
components, mcreased cos, savings are reahzed. hr additton, these upstream components are 
designed to be standardized so that a large quantity of a small number of different 
component can be purehaaed rafter man a smarter quantity of a large number of different 
components as Udre case with many oftex prior art de.igns. Furthermore, a system has ben. 
provided in which eah.e piracy is no. pracrica, for the customer, either because no signa. ean 

bythelocn, service module, or because the customer may have no selection over ute video 
channel received as a resul. of the piracy. Although only .en programmable converters are 
„ ^ovidedpe.to.servicemodu.eandoniythaaeloca.serv.eemodn.esareprovidedper 

sig na> combine., mese numbers are no, fixed and o„,y selea,ed in this example .0 satisfy 
typical bandwidth constraints. 
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It can be appreciated that when a customer selects a channel that requires an IRD, that 
the IRD displays program information in a textual fashion for a given period of time (e.g., 
five seconds) and then the IRD no longer displays the program information. At this point, the 
customer can be switched over to a shared IRD if there is one already receiving/decoding this 
channel, freeing up the IRD in the IRD block often for other customers. The switch may be 
perceptible, but it will only be momentary. Various algorithms for switching between the 
dedicated and the shared IRD resources could be used, and they could depend on the type of 
MDU in which the system is implemented. 

It can also be appreciated that another advantage of this system is that all 
communications downstream from the LSM 24 to the RIUs 26 are at approximately 300 MHz 
or below so that relatively less expensive cabling can be used. By way of contrast, the 
communications from video sources 14, 16, and 18 to the headend 20 and from the headend 
to the LSMs 24 may need cabling that allows for communication at up to 750 MHz. 

Another important advantage of the system is that with the LSM 24 and CMS 28 
having appropriate intelligence, the CMS 28 can determine the usage of channels in the 
building on a time basis and reassign shared IRD assets. For example, if every day at 7 am in 
a particular building a majority of the people are watching CNN, HBO, Games, Discovery, 
ESPN, Weather, CNBC, CBS News, PBS, and ABC News, and at some other time (e.g., 9 
pm) a majority are watching some other set of channels, the shared group of IRDs can be so 
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assign*, thus allowing for the nnnimal number oflRDs needed in any MDU or hotel. 

Another advantage is tha, ore CMS 28 in its darabase ean keep hack of every selection 
a subscriber makes. This dam can be made available or marketed as extremely valuable 
customer preference marketing information. 

The foregoing descnption of the present invention has been presented for purposes of 
fflosnafion and description. Furthennore, me description is no. intended «o limi, me 
tovention to .he form disc.osed herein. Constantly, va.ia.ions and modifications 
e„mme„sura.e with me above teachings, and skiU and knowledge of .he relevan. ari, are 
wi.hm.hescopeofmepresen.mven.ion. The embodiments described hereinabove are 
fcrthe, intended to explain has. modes known of pracfieing .be mvenfion and .o enable others 
sWnedm.heari.oufi.i.ethemvan.ionmsueh, or omer embodiments and wim various 
nmdificafions required by me particular application© or use(s, of me present invenfion. I. is 
iorended .ha. me appended claims be consnued to include aUemaove embodiments to the 
extent permitted by the prior art. 
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